Background: The objective of this work was to explore the impact on parents of the bronchiolitis hospitalization of their infant using the Impact of Bronchiolitis Hospitalization Questionnaire (IBHQ©). Methods: Four hundred sixty-three infants aged less than 1 year and hospitalized for bronchiolitis were included in a French observational study during the 2008-2009 season. Parents were asked to complete the IBHQ at hospital discharge and 3 months later. IBHQ scores, ranging from 0 (no impact) to 100 (highest impact), were compared according to gestational age (full-term, 33-36 wGA, ≤ 32 wGA) and the presence of congenital heart disease (CHD). The potential drivers of impact were explored using multivariate linear regressions.
Background
Bronchiolitis is a viral obstructive bronchial disease occurring in epidemics in infants aged 1-24 months, and manifesting as dyspnoea with tachypnoea, restricted expiration, chest hyperinflation and respiratory distress potentially interfering with feeding; auscultation is dominated by crepitant or subcrepitant rales, rapidly followed by sibilant rales and wheezing [1] . Bronchiolitis is most often caused by respiratory syncytial virus (RSV) [2] . It usually affects infants less than 2 years old, with a peak age of 3-6 months; it is the main cause of hospitalization during the first year of life, therefore exposing many families to the risk of having their infant admitted to hospital [3] .
Being hospitalized is difficult for infants but it is also a stressful event for parents [4, 5] . The impact on parents of their infant's hospitalization has been widely studied in the context of pediatric intensive care units (PICU) [6] [7] [8] [9] [10] ; this research confirmed the distressing impact that this experience can have on parents and siblings. Hence examining the impact on parents of the hospitalization of their infant for a cause as frequent as bronchiolitis is of particular relevance.
Prematurity and congenital heart diseases (CHD) are major risk factors of bronchiolitis hospitalization [3, [11] [12] [13] . The hospital admission of these infants at-risk may have a specific impact on parents, which is worth investigating. Furthermore, in the context of a hospitalization for bronchiolitis, many factors are likely to affect parents' experience (e.g. demographics, child's medical history, or in-ward care). Hence, exploring the drivers of this impact would enable a better understanding of its various levers.
Even though several self-administered questionnaires evaluate the impact of an infant's illness on the family, none of them specifically measures the distress of parents whose children are hospitalized for bronchiolitis. The Impact of Bronchiolitis Hospitalization Questionnaire (IBHQ © ) was thus developed to specifically evaluate the impact on parents of the hospitalization of their child for bronchiolitis. The questionnaire was then validated in an observational study in infants aged less than 1 year and hospitalized for bronchiolitis only.
Based on this validation study, the objective of this work was to explore the various facets (emotional, physical, organizational, financial, etc.) of the impact on parents of the hospitalization of their infant for bronchiolitis. We also aimed to specifically evaluate the impact in different populations at-risk (preterm infants and infants with CHD) and to further assess the potential drivers of this impact.
Methods

Study design
A multicenter, longitudinal, prospective, observational study was conducted in France from October 2008 to July 2009. Its primary objective was to finalize and validate the IBHQ © ; exploring the impact on parents of the bronchiolitis hospitalization of their infant was a secondary objective of the study. Eighty-six attending physicians experienced in the management of infants hospitalized for bronchiolitis (49 pediatricians, 21 neonatologists, 3 pediatric cardiologists and 13 pediatric pneumologists) from 77 hospitals (including 13 academic centres) all over the French territory, were involved in this study. Each physician was asked to recruit 7 infants each, with the following distribution: 3 preterm infants (birth at < 37 weeks of gestational age, wGA); 3 fullterms; and 1 infant with CHD. This distribution was meant to ensure that the study sample would include enough infants from these three key populations; however, because of recruitment difficulties, this constraint was released during the course of the study (about half of children were recruited after the removal of distribution recruitment requirement).
Inclusion criteria were: infants less than 1 year of age, hospitalized for bronchiolitis only, and not participating in another clinical study; parents able to read, understand and complete a questionnaire in French. The infants were recruited at the study visit preceding hospital discharge.
Investigators completed a case report form including data on the bronchiolitis hospitalization -severity, duration, in-ward management -and the infant's medical history -health care received during the neonatal period and risk factors for bronchiolitis (including CHD, chronic lung disease, and family history of allergy). The study population of infants was divided into three gestational age groups to be further analyzed: full-terms (born at ≥ 37 wGA); 33-36 wGA preterm infants, and very preterm infants (born at ≤ 32 wGA).
Parents were asked to fill-in a questionnaire in the week following hospital discharge and three months later, with no specific requirement regarding which parent should complete the questionnaire. The discharge questionnaire was given to parents by physicians at the end of the inclusion visit, and comprised the IBHQ as well as demographics and hospitalization-related socioeconomic questions; the 3-months follow-up questionnaire was sent to parents by mail and included the IBHQ, and socio-economic questions referring to the follow-up of the hospitalization.
The Impact of Bronchiolitis Hospitalization
The IBHQ is a self-administered questionnaire specifically developed to comprehensively assess the impact on parents of their infant hospitalization for bronchiolitis [14, 15] . The development process followed a rigorous methodology including systematic literature review and several steps of interviews with both clinicians and parents whose infants have been recently hospitalized for bronchiolitis. Two versions were developed: one to be completed soon after hospital discharge (DC), and the second to be completed 3 months later to assess the impact during the follow-up (FU) period. These two versions included similar items that assessed the same dimensions but slightly differed in their wording.
Each IBHQ version comprises thirty core items. All these items were to be completed by all the parents, and allowed the calculation of seven core dimension scores: worries and distress, fear for future, guilt, impact on daily organization, physical impact, impact on behavior with hospitalized infant, and financial impact. In addition to the core items, each IBHQ version comprises sixteen optional items. These items, which only addressed specific situations, were to be completed only by the concerned parents, and allowed the calculation of five additional dimension scores: disturbed breastfeeding, physical reaction of the hospitalized infant, impact on feeding of hospitalized infant, impact on behavior with other children, and siblings' reaction. The IBHQ-DC and IBHQ-FU were previously proved to be reliable and valid.
All dimension scores range from 0 (no impact) to 100 (highest possible impact of the bronchiolitis hospitalization). A score of 0 corresponds to the normal situation; conversely, any score greater than 0 indicates that the hospitalization had an impact on the corresponding dimension. However, no interpretation rule enables a formal definition of a meaningful impact.
Statistical analyses
1) General considerations
The description of socio-demographic and clinical characteristics was performed for all the eligible infants. The analyses of the impact of bronchiolitis hospitalization were performed on all parents of eligible infants who completed both the IBHQ-DC and the IBHQ-FU questionnaires. All analyses were performed using SAS statistical software version 9.2 (SAS Institute, Cary, NC, USA). 3) Assessment of the impact of bronchiolitis hospitalization on parents IBHQ-DC and IBHQ-FU scores were compared according to the gestational age group (full-terms, 33-36 wGA, and ≤ 32 wGA) and to the presence of CHD risk factor using univariate analysis of variance (ANOVA).
Multivariate linear regression models with stepwise selection were used to identify factors having an independent statistically significant effect on the impact of bronchiolitis hospitalization on parents. The factors whose effect on impact scores were tested pertained to different areas: infant's characteristics (age at hospitalization, gender, number of siblings), birth conditions (infant from multiple pregnancy, premature birth, associated CHD, Apgar score, hospitalization in neonatology units, supplemental oxygen required for > 24h, mechanical and/or non-invasive ventilation, supplemental oxygen-dependency at 28 days and at 36 wGA), parent's characteristics (age, gender, education level, professional status), and characteristics of the bronchiolitis hospitalization (duration of hospitalization, department of hospitalization, infusion or parenteral nutrition, enteral nutrition, oxygen therapy, assisted ventilation, non-invasive ventilation, respiratory physiotherapy) as well as of the end of hospitalization and follow-up period (residual respiratory signs at discharge, weight loss, digestive problems, respiratory physiotherapy, oxygen prescription, corticosteroids or bronchodilator prescription). The strength of the link between each variable retained in the multivariate regression after the stepwise selection and the impact of bronchiolitis hospitalization on parents was evaluated using parameter estimates: for continuous variables, the parameter estimate corresponds to the change in the score for a change of 1 unity of the explanatory variable, all other things being equal; for categorical variables, it corresponds to the difference in score for the associate category compared to the reference category, all other things being equal.
Ethics
The study was conducted in accordance with the principles established in the Declaration of Helsinki and in compliance with local regulatory requirements. The appropriate national authorities and institutional review boards approved the protocol before study commencement. Only parents that returned the signed informed consent form took part in the study.
Results
Description of the population
Four hundred and seventy infants hospitalized for bronchiolitis only were included in the study; of these, 7 did not meet one of the inclusion criteria and were not included in the analyses. The parents of eligible infants completed 368 IBHQ-DC and 339 IBHQ-FU; 315 parents completed both IBHQ-DC and IBHQ-FU.
Of the 463 eligible infants, 75% were less than 5 months old and 72% had at least one sibling ( Table 1) . The study included 28 (6%) CHD infants, of which 2 (7%) born at 33-36 wGA and 3 (11%) at ≤ 32 wGA. Among the 435 infants without CHD, 69 (16%) were born at 33-36 wGA and 57 (13%) at ≤ 32 wGA. One hundred and forty seven infants (32%) had been hospitalized in neonatology units at birth, with a mean duration of stay of 12 days for full-term infants (N=33) and 41 days for preterm infants (N=114) ( Table 2 ). The mean duration of bronchiolitis hospitalization was 6.6 days, with 74% of infants hospitalized in general pediatrics only, 14% in PICUs, and 7% in neonatology units without intensive care facilities ( Table 1) . Most of the parents who completed the questionnaire were mothers; only 26 fathers (5.6%) completed the discharge questionnaire, 21 discharge questionnaires (4.5%) were completed by both parents, and the information on which parent completed the IBHQ was missing for the other questionnaires. Fathers were slightly older (mean of 33.6 years and 30.1 years for mothers) and more often full-time employed than mothers (65.4% and 33.1% for mothers), while mothers were more often homemakers (42.5%).
Impact of bronchiolitis hospitalization on parents at hospital discharge and three months later IBHQ scores at hospital discharge ranged between 66.6 (worries and distress) and 21.4 (financial impact); nine of the twelve mean scores were above 40 (Table 3) . At follow-up, the mean scores ranged between 59.0 (fear for future) and 13.3 (financial impact). All mean scores were lower three months after hospital discharge, with 5 of them being still greater than 40.
Impact of bronchiolitis hospitalization on parents according to gestational age
The IBHQ scores at discharge and follow-up in the three gestational age groups are presented in Figure 1 . At discharge, the physical impact score was significantly lower in parents of ≤ 32 wGA infants as compared to parents of more mature infants: mean scores were of 47 for parents of ≤ 32 wGA infants, 54 for parents of 33-36 wGA infants and 57 for full-terms' parents (p = 0.004); other core scores did not significantly differ between parents of full-term and premature infants. No statistically significant difference was observed in mean optional scores between the three groups. At follow-up, no statistically significant differences were noticed between the mean scores of parents of fullterm, 33-36 wGA and ≤ 32 wGA infants, for either core or optional scores.
Impact of bronchiolitis hospitalization on parents according to CHD risk factor
At discharge and follow-up, parents of CHD infants reported lower mean scores, indicating a lower impact as compared to parents of infants without CHD ( Figure 2) ; none of these differences was statistically significant.
Multivariate model of the impact on parents of bronchiolitis hospitalization
The results of the multivariate models performed on IBHQ scores at discharge are presented in the Tables 4  and 5 , for the core and optional scores respectively.
None of the studied factors systematically had a significant impact on all IBHQ scores. Two factors had a statistically significant effect on at least 4 scores: the length of hospital stay and the parents' educational level. Longer hospitalization was associated with higher scores for worries and distress, fear for future, impact on daily organization, financial impact, and impact on feeding of hospitalized infant. Parents' educational level had a significant effect on worries and distress, fear for future, guilt, and impact on daily organization scores, with a non linear pattern of association: parents in extreme categories (< 5 and >16 years of education) seemed to experience less emotional impact and higher daily organization impact than parents having 6-15 years of education. Moreover, each IBHQ score was specifically affected by other factors.
As for simple comparisons, the gestational age group was only significantly associated with the physical impact IBHQ scores in the multivariate models.
Results of the multivariate regression analyses at follow-up showed a similar pattern (Additional file 1: Table S1 and Additional file 2: Table S2 ): only the length of hospitalization duration and the parents' educational level had a statistically significant impact on at least 4 scores; different other factors specifically affected various IBHQ-FU scores. All IBHQ scores range between 0 (no impact) and 100 (highest impact).
Discussion
This study showed that the hospitalization of an infant for bronchiolitis has a multidimensional impact on its parents as well as on the whole family: emotional and physical impact, impact on daily life organization and parenting role, and impact on siblings. Among the various studied aspects, only the financial impact and to a lesser extent parent's perception on the physical reaction of the hospitalized infant revealed lower levels of impact. Unsurprisingly, the impact at hospital discharge was consistently stronger than the impact 3 months later; however, the impact 3 months after hospital discharge remained notable for many aspects (especially for emotional consequences, parenting roles, and reactions of siblings).
One of the main challenges of this study was to interpret the IBHQ results, as this is the first study using the IBHQ, and no control group can be defined to compare the specific impact of hospitalization for bronchiolitis with the impact of hospitalization for other reasons since the IBHQ is a specific questionnaire that is not suitable for other populations / pathologies than parents of children hospitalized for bronchiolitis. Given the absence of clear rules for the interpretation of scores, it had to rely largely on the content of the questions. For example, to obtain a value of 40 for the mean guilt score at hospital discharge, parents would have answered "very much" or "extremely" to at least one of the three questions of the dimension (i.e. feeling guilty for leaving the infant in hospital, feeling guilty because of the infant's bronchiolitis, and feeling lonely). In light of this kind of considerations, it clearly appeared that the observed mean scores, which ranged between 40 and 60 for almost all scores, are indicative of a non-trivial impact.
The impact on parents of the hospitalization of their child was often investigated in the context of severe diseases, in a PICU context [6] [7] [8] [9] [10] 16] . A literature review revealed the great emotional and physical impact on the parents of hospitalized critically ill children [17] ; moreover, these hospitalizations were shown to have Figure 1 Comparison of IBHQ scores according to gestational age. ** P-value from ANOVA < 0.01; Not significant for other scores. Center of the star chart is a mean score of 0 (no impact of bronchiolitis hospitalization), and the extremity of each line is a mean score of 80 (higher impact of bronchiolitis hospitalization).
important consequences on the whole family. To our knowledge, a single previous study specifically explored the impact on parents of their infant's hospitalization for bronchiolitis in a small sample (N = 46) of infants hospitalized with RSV-bronchiolitis [18] ; this work showed a clear impact on emotional aspects and parenting role that persisted several weeks after hospital discharge. The present study confirmed these key findings in a much larger sample, since most of the results were based on more than 300 infants. Moreover, our results provide a broader spectrum of this impact, by adding physical and daily life organization consequences to the picture as well as by outlining the distressful impact on the siblings of the hospitalized infant.
We also analyzed the impact in different subgroups of parents of infants at high-risk of hospitalization for bronchiolitis, i.e. preterm and CHD infants. The few differences found depending on gestational age were small and did not appear meaningful. As for parents of infants with CHD, unexpectedly, they seemed overall less affected by the bronchiolitis hospitalization. This could indicate a different perception of the bronchiolitis hospitalization in these parents whose infants had already experienced more serious hospitalizations; their reaction to the bronchiolitis hospitalization may be mitigated by their previous difficult experiences, and they may have already created strategies to cope with the burden of their infant's hospitalization. Nevertheless, these findings should be interpreted with caution given the small observed impact differences as well as the limited number of CHD infants included in the analyses.
We also evaluated the main drivers of the impact of bronchiolitis hospitalizations on parents: none of the factors considered in these analyses consistently affected all the dimensions of the impact. Nonetheless two factors were associated to a higher impact on several aspects: duration of hospitalization and parents' educational level. Hospital length of stay can be considered as a surrogate marker of the severity of the hospitalization, which has already been shown as a key driver of impact on parents of the hospitalization of their infant in previous studies [4, 5, 7] . Parents' level of education equally had a significant effect on many aspects of the impact of hospitalization: worries and distress, fear for future, guilt, and impact on daily organization. However, no clear, consistent pattern was observed; the impact of bronchiolitis hospitalization is obviously dependent on the parents' level of education, but this relationship is not straightforward. Further research specifically focusing on this issue is warranted in order to get a better understanding of how hospitalizations for bronchiolitis affect parents with different educational levels.
Despite, the population of the present study seemed to be similar to the population of infants generally Mother −9.9 P-value < 0.001
The table includes the parameter estimates for the variables retained in the multivariate regressions after the stepwise selection. For continuous variables, the parameter estimate corresponds to the change in the score for a change of 1 unity of the explanatory variable, all other things being equal; for categorical variables, it corresponds to the difference in score for the associate category compared to the reference category, all other things being equal.
hospitalized for bronchiolitis, and the in-ward management was consistent with the current medical practice, the representativeness of the study sample could not be formally supported, in the absence of French reference data. The stratified enrolment procedure, which initially imposed the inclusion of preterm and CHD infants, increased the percentage of these cases in our study, and therefore our sample may be slightly different from the general population of infants hospitalized for bronchiolitis. The longer hospital stays observed in this study as compared to those retrieved from the 2005-2006 French National Hospitalizations Database (Programme de Méd-icalisation des Systèmes d'Information; PMSI) could be explained by these differences: the mean length of hospitalization in our study was of 6.6 days while the mean length of hospital stay for bronchiolitis in infants younger than one year was of 4.7 days in the PMSI database. Some other specific features should also be taken into account when interpreting the results of the present study. The parent who completed the questionnaire was in most of the cases the mother (92%). The parent's gender doubtlessly generates certain differences in the impact of the hospitalization [5] but the paucity of data collected from fathers in this study does not allow reliable conclusions on the impact on fathers of their infant's bronchiolitis hospitalization. Also, parents with low educational level might be underrepresented in this The table includes the parameter estimates for the variables retained in the multivariate regressions after the stepwise selection. For continuous variables, the parameter estimate corresponds to the change in the score for a change of 1 unity of the explanatory variable, all other things being equal; for categorical variables, it corresponds to the difference in score for the associate category compared to the reference category, all other things being equal.
study sample because an inclusion criterion required the responding parent to be able to complete the questionnaire alone; this aspect could be particularly important since low educational level of the mother has been shown to be a risk factor for infant's hospitalization for bronchiolitis [19] . In addition, among the children whose parents accepted to participate in the study, those whose parents eventually completed the discharge questionnaire had less often CHD, had shorter hospitalizations, and less often admitted in intensive care units than children whose parents did not complete the discharge questionnaire, suggesting that they may have presented a less severe level of bronchiolitis. However, even for those parents, the bronchiolitis hospitalization of their children showed a clear impact, which demonstrates that, regardless of the severity of the disease, the hospitalization of the child is not of no consequence for the parents. Also, we could not take into account the potential impact on the follow-up assessment of additional family events that could have occurred in the three month period since discharge. Finally, this study was conducted in France and, even if most of the results are probably applicable to other Western European countries, certain cultural peculiarities might not be replicated in other cultures. In particular, the low financial impact of bronchiolitis hospitalization may be somewhat specific to France, where the costs of hospitalization are fully reimbursed by the social security system.
Conclusions
The hospitalization of an infant for bronchiolitis was confirmed to seriously impact its parents and family. This impact was shown to be multifaceted and persistent even three months after hospital discharge for several aspects, in particular the emotional dimensions of parents' impact, the parenting role, and the impact on siblings. The main drivers of this impact were length of hospital stay and parents' educational level; conversely, infants' gestational age and presence of a CHD had little influence on the impact on parents of their infant hospitalization for bronchiolitis.
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